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1. INTRODUCTION 
 
We live in a world where data are gathered everywhere and all of the time. Why are 
we doing this and for what? In a modern world, data is defined to be “information, 
especially facts or numbers, collected to be examined and considered and used to 
help decision-making” (Cambridge Dictionary 2019). More and more different kinds 
of data are available and these data are used to make different decisions. We under-
stand that bad data can lead to bad decisions and good data is necessary for making 
informed decisions. However, what are good data and what make some data bad or 
unreliable? In order to have a better understanding of what are good data, it needs to 
be analysed.  
 
Before the difference between good and bad data can be discussed, there has to be an 
understanding of how data quality can be measured. In order to measure data quality, 
the dimensions that affect data quality need to be identified. Only after that, can 
measuring of data quality start. Data quality is a well-researched area and it is possi-
ble to determine the dimensions of good data. It is also essential to find the right 
ways to measure data quality. Using information provided by previous studies, this 
study outlines the key characteristics of good data, and how the quality of data can be 
assessed. This is followed by an empirical examination of forecast data provided by 
member States of the United Nations Economic Commission for Europe (UNECE). 
This includes assessing differences in variation and reliability of different kind of 
forecasts for different products.   
 
The forecast information in question focuses on forest products in UNECE region. 
The main goal of these predictions (the term predictions is used to cover both current 
year estimates and next year forecasts) is to give information about trends in the for-
est sector before actual data is available. Predictions are produced by official corre-
spondents from each member state. These predictions have been collected since the 
1960s and have been available in a database since 2002, which generates the ques-
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tion: how accurate are these predictions? This research is aiming to answer that ques-
tion and gain better understanding of what makes some data better than others and 
how does this affect predictions for future forest products markets.  
 
1.1 Objective of thesis 
 
This research focuses on forecast information provided by member States of the 
UNECE. The objective of this research is to have an understanding about the reliabil-
ity and quality of forecast information provided by UNECE member States. This re-
search focuses on forest products that are the most produced and traded. Data on four 
product flows are used in this research: imports, exports, production and removals. 
The aim is to see how reliable forecast data provided by member States are, and if 
there are commonalities between different countries. It is assumed, that member 
States are producing their predictions differently and therefore to investigate, if there 
are some methods that are better than others for producing predictions. A comparison 
was also made to see if simply repeating last year’s data would provide more accu-
rate prediction than an actual forecast information.  
 
More specifically, this study aims to answer following questions: 
 
What are the main dimensions of data quality, when producing forest product pre-
dictions? 
 
Are forecast data about forest product markets presented by UNECE reliable? And if 
so, how reliable? 
 
1.2 What is the United Nations Economic Commission for Europe? 
 
The United Nations Economic Commission for Europe (UNECE) was founded 1947 
and its “major aim is to promote pan-European economic integration”. 56 States are 
members of the UNECE. The member States include the countries of Europe, as well 
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as North America (Canada and United States), Central Asia (Kazakhstan, Kyrgyz-
stan, Tajikistan, Turkmenistan and Uzbekistan) and Israel. All countries are located 
in the northern hemisphere. This region covers over 47 million square kilometres, 
17% of world population and more than 40% of world’s forests. This means, that it is 
a major source of wood and forest products, its members States account for about 
60% of industrial roundwood produced globally. Thus, understanding the volumes 
harvested converted to forest products and traded is important. (UNECE 2019a) 
 
Before this study goes deeper into predicting future forest products production, con-
sumption and trade, the study will outline which dimensions are important for data 
quality, when making these predictions and how to differentiate between reliable and 
unreliable data.  
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2. THEORETICAL PERSPECTIVE 
 
What is good data? With the large quantities of data used in this research, it is valid 
to determine what make some data better than others. Modern data quality is usually 
defined by how usable the data is, also known as “fitness for use” (Chen et al. 2013). 
Juran (1989) has claimed that data are high quality if they fit the intended use of pur-
pose. With Juran’s (1989) theory in mind, one set of data could be considered as high 
quality for some, but not for others. Wang and Strong’s (1996) study of data quality 
is frequently cited in research related to data quality (Scopus 2018)). Their research 
has four different categories in data quality: intrinsic data quality, contextual data 
quality, representational data quality and accessibility. Under each category, there 
are also 15 dimensions that further refine data quality. However, the categories are 
meant to include what is in the dimensions, since that way they are more usable in 
real life applications.  
 
Wang and Strong’s (1996) research was one of the first that focused on data quality 
and still remains a basis for the definition of data quality. The baseline for their re-
search was to “develop a framework that captures the aspects of data quality that are 
important for data consumers” (Wang and Strong 1996). Data consumers are those 
who are using the data and, in most cases, the same people who store the data. Wang 
and Strong (1996) used a two-stage survey, where they came up with the most im-
portant factors related to data quality. Their four categories and 15 dimensions are 
displayed in figure 1 below.  
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Figure 1. A Conceptual framework of data quality (Wang and Strong 1996).  
 
Each of the four categories is supposed to combine dimensions that are linked to 
them. In this way it is easier to use this framework, when there is no need to consider 
each dimension alone, but the whole category instead. Therefore, intrinsic data qual-
ity is combining believability, accuracy, objectivity and reputation. Contextual data 
quality is combining value-added, relevancy, timeliness, completeness and appropri-
ate amount of data. Representational data quality is a merge of interpretability, ease 
of understanding, representational consistency and concise representation. Finally, 
accessibility data quality is a mix of accessibility and access security. Wang and 
Strong (1996) also rated all the dimensions from the most important to the least, with 
the most important dimensions for data quality being believability, value-added, rele-
vancy, accuracy and interpretability. It should be pointed out, that the first two cate-
gories focus on quality of data itself and latter two on consumer usability. 
 
While Wang and Strong’s (1996) study of data quality is highly cited, there are other 
studies that have their own data quality frameworks. For example, Bovee et al. 
(2003), Liu and Chi (2002) and Huang et al. (2012). These studies are often used as a 
data quality framework. Within these four different studies, there are over 35 dimen-
sions between them, that attempt to define data quality. However, accuracy, com-
pleteness, interpretability, relevancy and timeliness are common to all four of these 
studies. This research, tries to take dimensions that are used in most frameworks of 
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previous studies and see, if there are commonly used dimensions that would make a 
usable combination when evaluating forest product predictions.  
 
Bovee et al. (2003) researched producing a framework for assessing overall infor-
mation quality. The research suggests that availability of information is no longer a 
strategic advantage, but quality of information is. They define quality of information 
similarly to the way Wang and Strong (1996) did with fitness for use. Bovee et al. 
(2003) framework is based on following requirements: i) accessibility of infor-
mation; ii) interpretability of information; iii) relevancy of information and; iv) in-
tegrity of information. Without meeting all of these requirements, the information in 
question would be considered as being deficient. 
Accessibility is an essential criterian, since if data can’t be accessed by users, when 
or where they need it, other dimensions related to quality are irrelevant. Information 
must be intelligible and meaningful for its user. And yet again, if either of these re-
quirements are not met, all other qualities are irrelevant. However, whether infor-
mation is unintelligible or meaningless is highly related to particular users. For ex-
ample, simply not understanding a foreign language might make it impossible to read 
for some, but not for others. The third requirement, relevance, requires information 
to “be relevant to our domain and purpose of interest in a given context” (Bovee et 
al. 2003). Relevancy also includes whether or not the information is current enough. 
In many cases updating information often enough is limited due to the cost of doing 
so. The last criteria, integrity, implies freedom from flaws, mistakes or any other 
problems related to having wrong information available. Information is also expected 
to be accurate, so it is usable for its users. Information is also expected to be con-
sistent and complete.  
 
Liu and Chi (2002) have created their own framework for data quality and at first 
they notice that data quality measurement model might change as the use of data 
changes.  Instead of an empirical view of data quality, such as Wang and Strong 
(1996), Liu and Chi (2002) take a theoretical view of the situation. The justification 
for a theoretical view is based on the limitation of researcher’s own experience, 
which might have a negative effect on empirical and intuitive approach. Both empiri-
cal and intuitive approaches lack theoretical structure on how a certain attribute is re-
ceived and represented. The theoretical approach also has the upside of justifications; 
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based on why and how attributes are grouped into certain forms. Liu and Chi’s 
(2002) concept has three components: there is different definitions for measurement 
of quality, quality of data in earlier stages positively impact later data and there is in-
creasing order for different views of data quality. Their model is presented as pyra-
mid with application quality in the top, presentation quality below, organization 
quality third and collection quality at the bottom (Figure 2 below). The concept is 
that, “one measure of data quality at a lower level is useful to measure the quality of 
many sets of data at a higher level” (Liu and Chi 2002). The higher the level, the 
more theories it has to satisfy, so that theory can determine the data quality. Each 
four levels include various other attributes, which are common with other frame-
works. Collection quality consists of: accuracy, objectivity, completeness, integrity 
of the collector, clarity and other collection theory-specific attributes. Organization 
quality includes collection quality as lower level and other attributes such as reliabil-
ity of data clerk, consistency, storage efficiency, retrieval efficiency, navigability and 
organization theory –specific qualities. Next level is presentation quality, which in-
cludes two lower levels, and the following attributes: faithfulness, neutrality, inter-
pretability, formality, semantic stability and presentation theory-specific qualities. 
Application quality, yet again with all the lower levels included, has following attrib-
utes: ease of manipulation, timeliness, privacy, security, relevancy, appropriate 
amount of information and application theory-specific attributes. According to Liu 
and Chi (2002), application quality is the level with the most frequent problems, 
which then makes using the data in question hard.  
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Figure 2. Evolutional data quality (Liu and Chi 2002). 
 
One of the newer research on data quality is from Huang et al. (2012), who made a 
research focusing on data quality with genome annotations (Huang et al. 2012). They 
were able to have professionals on that specific field to answer questions about data 
quality and what they think are the most important dimensions affecting data quality. 
As they are asking opinions of others, their research is defined as an empirical study. 
Huang et al. (2012) created five data-quality constructs, with 2-5 dimensions each. 
Five constructs in their research were in order from the most important to the least 
important: accuracy, accessibility, usefulness, relevancy and security. Rating of the 
constructs were rated in the context of their field of profession. It is pointed out in 
the research (Huang et al. 2012), that due open nature of sharing in medical commu-
nity, security is not associated with accessibility and could therefore be ranked low. 
Majority of the dimensions under each constructs are similar than in Wang and 
Strong’s (1996) research, although some are named differently.   
 
Four data quality studies, as presented above, have a lot in common. There are usu-
ally four categories and those categories include four dimensions on average. Major-
ity of the dimensions are same or at least very similar. There are, however, different 
approaches for these studies. Three approaches that are often used in data quality: an 
intuitive, a theoretical and an empirical approach. Bovee et al’s (2003) research has 
an intuitive approach, Liu and Chi’s (2002) has a theoretical approach and both 
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Huang et al. (2012), as well as, Wang and Strong (1996) can be categorized to the 
empirical approach. The initiative approach is selected when researcher has a feeling, 
usually based on past experiences, which attributes are important for the study. This 
is the most used approach in data quality (Wang and Strong 1996). The theoretical 
approach is selected when the focus is on the process of how data are manufactured. 
Using theoretical approach provides a set of data that is useful for the research in 
question. Empirical approach is often selected when data is based on evidence and 
real-world events, rather than facts or feelings.  Wang and Strong (1996) point out 
that only empirical approach manages to capture the voice of data consumers. Liu 
and Chi (2002) claim that intuitive and empirical approaches usually create confus-
ing definitions for basic data quality attributes and they claim that theoretical ap-
proach reduce these problems.  
 
Theories presented earlier have also been implemented in practice. For example, Ko-
vac et al. (1997), have introduced a framework for data quality. The model provides 
consistent measurements for data quality and improvement for data handling process. 
They wanted to develop data quality in practical environment to have better data 
quality. It is based on Wang and Strong’s earlier framework, where Timeliness + Re-
liability + Accuracy = Quality (TRAQ). The TRAQ model has two vital objectives. 
First, it must provide consistent measurement of data quality and delivery reliability, 
which should display delivery process and the external client view of delivery pro-
cess. Having all this, it grants management a possibility to appraise performance of 
specific clients. The second objective is to have improvements for the delivery pro-
cess repeatedly. This system was designed to produce repeated improvements for the 
delivery process. In the end, Kovac et al. (1997) claimed that TRAQ provided mas-
sively benefits for the business in question. TRAQ model has inspired many other 
models for defining data quality framework, such as RUMBA, which stands for rea-
sonable, understandable, measurable, believable and achievable.  
 
Data quality in forest sector have also been studied before. Kallio et al. (2018) have 
made a research, which focuses on issues most seen in data related to forest sector. 
They use data from FAOSTAT, which is closely related to UNECE and their data-
base. Therefore, their research is good starting point when thinking about problems 
related to data quality in forest industry. According to them, it is not surprising, that 
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there are inconsistencies in the data. It is still important to collect data, so modelling 
the production process and material streams in the forest sector would become more 
accurate. This would allow to have improved estimates for wood use coefficients 
(Kallio et al. 2018). They also point out that collecting reliable data even for the 
main mechanical products is a challenge, let alone the by-products with smaller 
quantities. In some cases, measurements might not be collected at all, which pro-
duces even more problems. There are also big challenges with measurement errors, 
such as converting solid cubic meters to loose cubic meters (Kallio et al. 2018). Even 
with all the problems with data quality in the forest sector, there is still a lot of poten-
tial. These statistics provide important data for wide range of users from business, 
policy makers and scientific analytics. Kallio et al. (2018) notice that some regions 
are better than others with producing data quality and that often poor data quality is 
related to problems with illegal logging and corruption. In conclusion, it is important 
to be cautious when using forest product data (or any data for that matter).   
 
There are clearly some dimensions that are used in the majority of the data quality 
studies. For example, accuracy, completeness, consistency, interpretability and rele-
vancy are featured in all four studies (Wang and Strong 1996, Liu and Chi 2002, Bo-
vee et al. 2003, Huang et al. 2012). All together 36 different dimensions were intro-
duced in the four researches presented above, where only 14 were in more than one 
research. Next, this study will take a closer look at the dimensions of data quality, 
used by previously presented studies and which dimensions are the most important 
for this research with forecast data.  
2.1 Data quality dimensions selected for this research 
 
On the table 1 below are all the dimensions, that were featured in at least two of the 
researches out of four introduced above. To be accurate, some dimensions were simi-
lar, but not quite close enough to be considered identical.   
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Table 1. The most popular dimensions in researches introduced above. Modified 
from (Rantala 2016).  
Dimension Wang & 
Strong 
(1996) 
Bovee et. 
al. (2003) 
Liu & Chi 
(2002) 
Huang et 
al. (2012) 
Featured in 
researches 
Accuracy x x x x 4/4 
Complete-
ness 
x x x x 4/4 
Consistency x x x x 4/4 
Interpretabil-
ity 
x x x x 4/4 
Relevancy x x x x 4/4 
Accessibility x x  x 3/4 
Appropriate 
amount of 
data 
x  x x 3/4 
Timeliness x x x  3/4 
Believability x   x 2/4 
Ease of ma-
nipulation 
  x x 2/4 
Objectivity x  x  2/4 
Reputation x   x 2/4 
Security   x x 2/4 
Value-added x   x 2/4 
 
 
This research will focus on 9 out of 14 dimensions presented above. This selection 
was done in order to have relatively small number of dimensions for this research, 
which allows selected dimensions to have meaningful impact. Selecting all 14 above 
was too many dimensions for this research, since with fewer dimensions there can be 
a better focus on the predictions. It seems logical to select the five dimensions, that 
are featured in all the researches: accuracy, completeness, consistency, interpretabil-
ity and relevancy. All five dimensions are crucial for the forecast data analysed in 
this research: it has to be accurate, completed, consistent, interpretable and relevant. 
In addition, the appropriate amount of data, accessibility, timeliness and believability 
are selected as important dimensions for this research. As stated previously, Wang 
and Strong’s (1996) research is used as a baseline for this study, so it is good to note 
that all four categories that are featured in selected dimensions.  
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Intrinsic data quality is the first category from Wang and Strong’s (1996) research, 
where believability and accuracy are selected. Accuracy is fairly self-evident, since 
this study is analysing forecasted data. Accuracy is the most important aspect of pre-
dictions, as it is the main goal. Believability is a crucial dimension when forecast 
data is checked: can a country have 100% increase on a production? Is this value be-
lievable or is there a simple mistake with a decimal place when producing forecasts? 
Wang and Strong’s (1996) category itself also holds objectivity and reputation, but 
these are not featured in this research. Reasoning behind this is that predictions pro-
duced by UNECE’s member States are not objective, since they are produced by rep-
resentatives of said member state. Also, reputation is dismissed since all predictions 
are handled with similar expectations. In other words: all forecasts are equal.  
 
Contextual data quality is the second category of Wang and Strong’s (1996) re-
search. It consists of value-added, relevancy, timeliness, completeness and appropri-
ate amount of data. This is important category, since four of nine dimensions chosen 
are from this category. The value-added dimension is the only featured from this cat-
egory that is not mentioned. Value-added is defined as giving you a competitive edge 
and adding value to your operations. While this is extremely important, it doesn’t 
add anything else that other dimensions don’t already do when thinking about fore-
cast data. The dimensions featured from this category are significant for this re-
search: relevancy, timeliness, completeness and appropriate amount of data. Rele-
vancy is defined in Wang and Strong’s (1996) research as applicable, relevant, inter-
esting and usable. Those all are things a good prediction should aim for and therefore 
it is selected as a dimension for this research. Timeliness is a crucial dimension for 
prediction, since there is a clear window of time when predictions are usable. Pro-
ducing them too early makes them very inaccurate and produced too late makes them 
useless, if actual values are already available. Completeness and appropriate amount 
of data are similar dimensions, but both have their uses. With completeness, the data 
has enough depth and scope of information contained in the data that is big enough. 
Appropriate amount of data is useful in this research so that clear trends can be seen: 
if a country produces predictions only every third year, trends aren’t visible since the 
analysis only assesses those countries with data available at an annual basis.  
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The third category in Wang and Strong’s (1996) research is representational data 
quality, which includes following dimensions: interpretability, ease of understanding, 
representational consistency and concise representation. From this category only in-
terpretability is selected, as it is featured in all the researches introduced. It is vital 
since it makes sure that the data in question can be explained: if data can’t be ex-
plained, there is no use for it. The other three dimensions: ease of understanding, rep-
resentational consistency and concise representation, are not featured in any other re-
searches introduced. While they are useful, they don’t add too much after interpreta-
bility. All three are already, to some extent, included in interpretability.  
 
The fourth category in Wang and Strong’s (1996) research is accessibility data qual-
ity. There are only two dimensions: accessibility and access security. Accessibility is 
included in this research and it can be defined as having good accessible and up-to-
date data. Accessibility is a dimension, that only becomes important when there is a 
problem with it. As long as everything works as expected, access to the data is not a 
prioritized. However, without it, there is no way of using the data. While access se-
curity is certainly an important aspect, it does not play a major role in this research. 
All the data used in the analysis is publicly available for everybody and therefore se-
curity is not a concern. In table 2 below are all nine dimensions, which are used in 
this research to ensure good data quality and their definitions by Wang and Strong 
(1996).  
 
Table 2. Data quality dimensions in this research and their definitions.  
Dimension Definition by Wang and Strong (1996) 
Accessibility Accessible, retrievable, speed of access and up-to-
date 
Accuracy Data are certified error-free, accurate, correct, flaw-
less, reliable and errors can be easily identified 
Appropriate amount of data The amount of data 
Believability Believable 
Completeness Breadth, depth and scope of information contained 
in the data 
Consistency Continuously presented in the same format, consist-
ently represented and formatted 
Interpretability Interpretable 
Relevancy Applicable, relevant, interesting and usable 
Timeliness Age of data 
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2.2 Effect of data quality in forest product predictions 
 
How do all these dimensions affect predictions analysed in this research? There are 
some dimensions that have more importance for users only, such as timeliness and 
other dimensions that affect the quality of data itself, such as accuracy. While each 
has different use for this research, they are all important. This chapter goes through 
nine dimensions specified in table 2 above and specifies how the quality of data can 
be defined using them. Instead of going over general data quality, this study is focus-
ing on predictions used later in our analysis and seeing what the specific qualities of 
this data are.  
 
The first dimension that is taken a closer look at is accuracy. It is arguable one of the 
most important aspect of data quality in this case, since it is considered as the objec-
tive of prediction. Representatives of member States are trying to make them as ac-
curate as possible. In the definition of Wang and Strong (1996) accuracy has also 
“errors can be easily identified”. When producing data, a small mistake could have a 
massive effect on data, but if mistakes are easily identified, it makes it a lot easier to 
fix said mistake. This is also useful for the users of predictions: even if a mistake 
slips by the producer, it can be still identified as mistake for users. When a number 
doesn’t make sense, it is usually a mistake. This brings us to the second dimension: 
believability. There is much same as in accuracy, as predictions are expected to be 
believable. If a country has a production increase of 200% for a single product, it is 
not believable. There would have to be prior information about plans of new produc-
tion or larger scale of harvest, that any production could grow in such a rate. There is 
an exception to this with these specific predictions: products with very small produc-
tion or trade volumes can have a 200% growth in percentage terms since already 
small changes in the absolute figures cause huge changes in percentage terms. These 
cases are problematic when measuring reliability of predictions in percentage: the 
difference in most cases is not meaningful, with error of 1.9, but makes certain pre-
diction seem unreliable. This problem has been taken into consideration later, when 
comparing the predictions also with absolute numbers in addition to percentage val-
ues.  
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Next two dimensions, appropriate amount of data and completeness, are closely re-
lated to each other. Appropriate amount of data is the first dimension to be used in 
this research. The threshold was set as two out to three possible data were provided 
(66.6%). Member State meeting or exceeding the threshold were included in the as-
sessment of the study since a smaller number would not be sufficient for this analy-
sis. Countries reporting a product with 0 quantity were included when counting the 
amount of data. With data, it’s not only, that there are enough data. Data have to be 
completed and well thought out, which brings out the next dimension: completeness. 
As defined earlier, completeness includes breadth, depth and scope of information 
contained in the data (Wang and Strong 1996). It is possible to fill out form for pre-
diction and not think about if there is all the potential knowledge. To help with this 
task, UNECE prefills the questionnaires with data from previous years. This way 
correspondents are left with easier task to completing the task. Completeness comes 
down to making the data have all the information possible, which is crucial when 
aiming for the best possible reliability of predictions. 
 
 Consistency of data is extremely important for this research, since this research is 
analysing 15 years of predictions. If a prediction is made in one way earlier and com-
pletely different next year, it most likely will affect the results. There is also another 
aspect for consistency, as there are predictions from nearly 30 different countries: 
they have to represent predictions consistently, so they can be compared with other 
countries. This also affects people from UNECE, since they have to make all forms 
understandable, so all different member States will understand how to fill those. Pre-
dictions are also made for two years at time, so both years need to be consistent with 
each other.  
 
Relevancy is a dimension that is fairly close to consistency, as well as completeness. 
As relevancy is defined as “applicable, relevant, interesting and usable”, it becomes 
even more important (Wang and Strong 1996). Information in relevant data has to be 
usable, so no unwanted or unneeded information should be part of forecasts. Rele-
vant information might also be something that is only rumoured to happen, as this 
study is analysing forecasts that are made for a next year as well. If there is a plan, 
that is not yet confirmed, but possible, it could be relevant for a prediction.  
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Accessibility, interpretability and timeliness are little different the other six dimen-
sions as outlined in table 2. They have very little to do with the quality of data itself 
and more with how users can benefit from the data. Accessibility is essential for us-
ers of these predictions, since if nobody can access them, what is the point of produc-
ing them? Accessibility also includes speed of access and data to be retrievable, 
which should not be a problem in a modern world with fast internet widely available. 
Accessibility is also linked with interpretability, since predictions have to be in a for-
matted in a way, that users can access them. This has been solved by having all of 
the predictions in Microsoft Excel and available in UNECE’s website. Interpretabil-
ity includes representing forecasts in language, that is widely known – English. All 
products are coded similarly in all UNECE’s forms, which also helps users, as these 
codes are easily checked. Timeliness, or age of data, is logical dimension to include 
in this research. Predictions are made before actual values are available, to represent 
what most likely will happen. There is on average window of 9 months or 21 
months, depending on which prediction is used, when they are usable. After actual 
values are out, predictions have no value for anybody. Therefore, it is also important 
that predictions are produced when they are valuable for users and also being availa-
ble for use.  
 
Now that there is a good understanding on how data quality is constructed, there will 
be a closer look on what predictions are included in this research and how they are 
going to be analysed. In later parts on this research data quality will be analysed and 
determinates how predictions have managed to fill the requirements and expectations 
set to them.  
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3. METHODS AND BACKGROUND OF THE RESEARCH  
 
3.1 Data used in the research 
 
In this research there are four main sets of data: estimates, forecasts, repeated data 
and historical data. Two of these are predictions: estimates and forecasts. Estimate is 
a set of data, that is made during a year for that specific year. Usually estimates are 
made in September and at that time there are usually preliminary actual data for first 
six months of that year. Forecasts are made at the same time as estimates, but instead 
for the following year. For example, during September 2018 forecasts were made for 
year 2019, without the full knowledge how 2018 even turned out in the end. Histori-
cal data are usually gathered around six months after year has ended and it provides 
the “real” numbers, which are used when comparing accuracy of predictions. Histori-
cal data are revised, if new information is provided later. Historical data can be 
changed even a number of years after reference year has passed.   
 
The last set of data is repeated data, which is created using historical data from previ-
ous year. This is produced for this study and not by member States. However, it is 
treated as prediction for purposes of this study. It is a set of data that is created only 
from previous year, for example: historical data from 2017 is used to create repeated 
data for 2018. There is only one set of historical data being created and it is from pre-
vious year. Historical data, used to create repeated data, have been taken from data-
base in September 2018. This means, that historical data used in this analysis might 
not be the same as it would have been, when predictions of previous years were pro-
duced.  
 
All this in mind, estimates are expected to be more accurate and reliable than fore-
casts. With preliminary data already presented for the first six months, it is easy to 
understand why this is expected to be true. Doing forecasts over a year ahead makes 
it impossible to react to new trends. Beating repeated data is a clear benchmark for 
estimates and it is interesting to see if are more reliable than repeating previous’ 
years data.   
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 3.2 Member states included in research  
 
Not all UNECE member States have provided forecast information on forest products. 
In order to make sure that enough information was provided, member States with more 
than 66.6% of possible forecast and estimate data have been included in this research. 
Out of 1116 possible data points, in order to reach 66.6% mark, 746 or more data 
points are required. In the table below, are member States, which have provided 
enough data and therefore will be included in this research. Total number of member 
States included in this research is 27. Out of these countries, two (Canada and the 
United States) are in North America, The Russian Federation spans from Europe to 
Asia and the rest are from Europe. Member States included in the research and re-
sponse rates of estimates and forecasts are presented in the table 3 below.  
 
Table 3. Countries included in the research.  
Country Response rate Country Response Rate 
Poland 100.0% Germany 94.6% 
Estonia 99.8% Austria 94.5% 
Sweden 99.6% Latvia 94.0% 
Switzerland 99.5% Lithuania 93.5% 
Cyprus 98.6% Spain 86.7% 
Netherlands 98.2% France 85.7% 
Slovakia 97.8% Romania 82.6% 
United Kingdom 97.8% Serbia* 82.4% 
Turkey 97.5% Norway 82.0% 
Russian Federation 96.9% Slovenia 79.6% 
Czech Republic 96.7% Ireland 79.5% 
Croatia 96.4% Italy 67.7% 
United States 95.5% Canada 67.5% 
Finland 94.6%   
Note: Serbia includes Serbia and Montenegro’s data prior to 2005. 
 
In total 28 UNECE member States have provided some, but not enough to meet 
66.6% or none of the data and therefore can’t be included in this research, are fol-
lowing: Albania, Andorra, Armenia, Azerbaijan, Belarus, Belgium, Bosnia and Her-
zegovina, Bulgaria, Denmark, The F.Y.R of Macedonia, Georgia, Greece, Hungary, 
Iceland, Israel, Lichtenstein, Luxembourg, Kazakhstan, Kyrgyzstan, Malta, Monaco, 
Montenegro, Portugal, Republic of Moldova, San Marino, Tajikistan, Turkmenistan, 
Ukraine and Uzbekistan. 
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3.3 Products included in the research  
This analysis includes 12 products, four of which are removals of logs from forests 
and remaining 8 production of forest products. Four products that are removals: co-
niferous saw logs and veneer logs, non-coniferous saw logs and veneer logs, conifer-
ous pulpwood and non-coniferous pulpwood. From these four products, only volume 
of harvested logs is measured. 8 forest products selected are following: coniferous 
sawn wood, non-coniferous sawn wood, plywood, particle board (including OSB), 
OSB, fibreboard, wood pulp, paper and paperboard. From these products three flows 
are measured: production, export and import. In addition, also average volume of 
each product is presented in the table. This is calculated from all 27 of the member 
States included in the research and it provides an understanding of which products 
are bigger than others in volume. A more detailed description of products is listed 
below in table 4. 
 
Table 4. Products included in this research and average volumes of each product.  
Product 
JFSQ-
code 
HS2012-code 
Average vol-
ume (x 1,000) 
Coniferous sawlogs and ve-
neer logs 
1.2.1.C  19,867 m3 
Non-Coniferous sawlogs and 
veneer logs 
1.2.1.NC  4,011 m3 
Coniferous pulpwood 1.2.2.C  8,954 m3 
Non-Coniferous Pulpwood 1.2.2.NC  4,731 m3 
Coniferous sawn wood 5.C 4407.10 4,722 m3 
Non-Coniferous sawn wood 5.NC 
4407.21/22/25/26/27/28 
/29/91/92/93/94/95/99 
690 m3 
Plywood 6.2 4412.31/32/39/94/99 470 m3 
Particle board (including 
OSB) 
6.3 44.10 1,368 m3 
OSB 6.3.1 4410.12 498 m3 
Fibreboard 6.4 44.11 659 m3 
Wood Pulp 7 47.01/02/03/04/05 2,125 mt 
Paper and Paperboard 10 
48.01/02/03/04/05/06/08/09/10, 
4811.51/59 48.12/13 
4,235 mt 
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3.4 Structure of analysis 
 
The aim of this analysis is to see how accurate the estimates, forecasts and repeated 
data are compared to actual non-repeated data. This comparison was achieved by cal-
culating data with following formula:  (𝑥 − 𝑦)𝑦 ∗ 100 = 𝑎 
In this formula, x is forecasted data, y is value from historical data and a is the result. 
Structuring the formula this way made it possible to have a clear understanding of 
how predictions compared to an actual value. As comparisons were done in percent-
ages, results were multiplied by 100% of the value so they would be either negative 
or positive. A negative value would show that prediction is smaller than actual value 
and therefore underestimated. In contrast, positive value shows that prediction is big-
ger and therefore overestimated. After having each value calculated for estimates, 
forecasts and repeated data, averages were counted for 17 different categories. The 
table 5 below shows all the categories and what product flows they include.  
 
Table 5. Products and product flows included in the research 
Products JFSQ-Code Flows 
All products  All flows 
All products* Ex. 1.2.1.C/NC, 1.2.2.C/NC Only exports 
All products* Ex. 1.2.1.C/NC, 1.2.2.C/NC Only imports 
All products*  Ex. 1.2.1.C/NC, 1.2.2.C/NC Only production 
All logs 1.2.1.C/NC, 1.2.2.C/NC Only harvests 
Coniferous sawlogs and veneer logs 1.2.1.C Only harvest 
Non-Coniferous sawlogs and veneer 
logs 1.2.1.NC 
Only harvest 
Coniferous pulpwood 1.2.2.C Only harvest 
Non-Coniferous Pulpwood 1.2.2.NC Only harvest 
Coniferous sawn wood 5.C Exports, Imports and production 
Non-Coniferous sawn wood 5.NC Exports, Imports and production 
Plywood 6.2 Exports, Imports and production 
Particle board (including OSB) 6.3 Exports, Imports and production 
OSB 6.3.1 Exports, Imports and production 
Fibreboard 6.4 Exports, Imports and production 
Wood Pulp 7 Exports, Imports and production 
Paper and Paperboard 10 Exports, Imports and production 
  
In addition to percentage of actual value, also absolute differences have been counted 
for all the categories. This gives a good perspective, since some percentage differ-
ences were massive, but absolute values were minimal. It is good to understand, that 
not every country has provided data from every product, product flow and year. 
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However, majority of countries have been regular with missing data: if it is missing 
in 2002 it usually is still missing in 2017.  
3.5 Sorting of countries  
 
As this research aims to know, if the size of a country’s forest industry has any effect 
of how well they produce forecasts, 27 countries in this research were divided into 
three groups: big, medium and small countries. The criteria for sorting were simple: 
average unit volume of all products and all product flows between 2002 and 2017. 
Since some products are in cubic metres and others in metric tonnes (see table 4) no 
units can be used in this process. At first, average number of each product flow was 
calculated and then grand average of all products and product flows. The line for cat-
egories were following: less than 500 for small, between 500 and 2,500 for medium 
and over 2,500 for big countries. In the end, each category is fairly well balanced: 
there are 8 big countries, 11 medium countries and 8 small countries.  
 
The 8 big countries are: the United States of America, Canada, the Russian Federa-
tion, Germany, Sweden, Finland, France and Poland, as listed in table 6 below. They 
all have big numbers in removals and production, but not necessary in exports or im-
ports. This group is the only one with bigger exports, than imports, which suggest 
that they are exporting a lot of produced goods to other countries. The big countries 
contain the major players of forest product markets in UNECE region. The United 
States is the biggest country in UNECE region, as they are the biggest importer, pro-
ducer and harvester. Only export volumes are not the biggest in the region. Canada is 
the second biggest country by average volume, due to its massive number of remov-
als, production and exports. Canada is the biggest exporter in the UNECE region, as 
they export a big part of the harvested roundwood to the United States. The Russian 
Federation has nearly identical numbers of removals as Canada, but clearly smaller 
numbers in all other product flows. Germany, France and Poland have similar struc-
ture in product flows: harvests are the biggest but all the remaining product flows are 
similar to each other. Sweden and Finland have a similar scale between different 
product flows: big exports and production, small imports and massive removals.  
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Table 6. Countries with average volume of all products more than 2,500.  
 Average 
exports 
volume 
Average im-
ports vol-
ume 
Average pro-
duction vol-
ume 
Average re-
movals vol-
ume 
Average vol-
ume of all 
products 
United States 3 104.65 8 199.12 32 225.40 90 002.79 33 382.99 
Canada 8 369.82 919.08 13 100.00 39 582.23 15 492.78 
Russian Federation 3 204.55 370.14 6 790.56 39 559.75 12 481.25 
Germany 3 537.17 3 220.33 7 655.77 10 921.13 6 333.60 
Sweden 3 213.24 352.05 5 155.51 16 346.60 6 266.85 
Finland 2 773.50 202.63 4 512.21 11 962.18 4 862.63 
France 1 210.41 1 644.09 3 247.36 6 734.16 3 209.00 
Poland 627.63 767.35 2 154.08 7 548.82 2 774.47 
Average 3 255.12 1 959.35 9 355.11 27 832.21 10 600.45 
 
The 11 medium countries are: Austria, Spain, Turkey, the United Kingdom, Czech 
Republic, Italy, Romania, Latvia, Norway, Slovakia and the Netherlands. The me-
dium category have an average production volume between 500 and 2500, presented 
in more detail in table 7. Many medium countries have a one or two big product 
flows, usually one of them being removals, exports or imports, but do not have as big 
of a market share as bigger countries do or not with as many product flows as above. 
For example, the United Kingdom is a major importer of European forest products 
but is exporting and producing a lot less than France or Germany. A big part of the 
medium group has a big volume of removals, but the rest of the product flows are 
minimal, such as Czech Republic, Portugal and Latvia.  
 
Table 7. Countries with average product volume between 500 and 2500.  
 Average 
exports 
volume 
Average im-
ports vol-
ume 
Average pro-
duction volume 
Average re-
movals vol-
ume 
Average vol-
ume of all 
products 
Austria 1 675.50 582.12 2 519.42 3 341.80 2 029.71 
Spain 681.49 1 000.89 1 848.27 3 123.29 1 663.49 
Turkey 147.02 593.37 1 926.01 3 542.07 1 552.12 
United Kingdom 245.59 2 321.95 1 495.99 1 979.43 1 510.74 
Czech Republic 548.50 348.97 960.98 3 578.04 1 359.13 
Italy 562.46 2 126.84 1 943.60 474.20 1 276.77 
Romania 564.04 158.43 1 041.89 2 344.41 1 027.19 
Latvia 449.99 93.86 589.98 2 578.32 928.04 
Norway 340.00 233.61 789.13 2 092.18 863.73 
Slovakia 259.49 156.41 531.66 1 932.06 719.91 
Netherlands 523.87 1 136.61 421.80 186.96 567.31 
Average 573.57 773.80 1 206.01 2 205.81 1 189.80 
 
The 8 small countries are: Estonia, Switzerland, Lithuania, Croatia, Ireland, Slove-
nia, Serbia and Cyprus. The average volumes of these countries are presented in ta-
ble 8. The order of average product flows is same as in the medium category, with 
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removals being the biggest, followed by production, imports and exports. Many of 
these are smaller than average European countries, both in population and land-area 
covered, and therefore it’s not a surprise that they also produce less than the medium 
category. Estonia and Lithuania have similar structure as they have a bigger product 
flow of removals than in the other three product flows. Switzerland, Slovenia and 
Ireland are all pretty evenly matched as structure of product flows go but volumes 
are simply not as big as in the medium category.  
 
Table 8. Countries with average product volume less than 500.  
 Average ex-
ports volume 
Average im-
ports volume 
Average pro-
duction volume 
Average re-
movals volume 
Average vol-
ume of all 
products 
Estonia 170.46 135.90 283.17 1 347.96 484.37 
Switzerland 256.14 291.69 498.59 872.43 479.71 
Lithuania 132.57 150.89 252.64 1 179.16 428.82 
Croatia 125.27 107.22 195.70 808.52 309.18 
Ireland 180.84 152.55 256.00 608.63 299.51 
Slovenia 204.65 185.98 224.71 579.65 298.75 
Serbia 43.28 129.22 131.03 320.93 156.11 
Cyprus 0.06 35.18 0.69 1.47 9.35 
Average 139.16 148.58 230.32 714.84 308.22 
 
3.6 Sorting countries based on how the figures look like 
 
Countries were sorted into three categories based on the average product volume, 
which allowed these countries to be compared with other countries. In this compari-
son three distinct patterns were noticed, which multiple countries shared. These pat-
terns were found in all three categories and most of the countries were divided into 
new groups. As a reminder, in this study categories are used when referring to size of 
country: small, medium or big. Groups are used to describe sorting of countries 
based on figures of results. These terms should not be mixed. The logic behind this is 
to figure out if these countries share similar tools or ways of producing predictions.  
 
This comparison was done visually with graphs from five main product flows: all 
products, exports, imports, production and removals. Visual analysis provides a 
unique possibility to observe clear trends that might go unnoticed with other ap-
proaches. Visual analysis shouldn’t be used as a substitute for statistical analysis, but 
rather as an additional way of doing observation (Garcia and Mendonca 2004). This 
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is exactly what have been done in this research, with statistical analysis as a basis for 
visual analysis. Visual representation offers agility and adaptability to data analysis 
(Garcia and Mendonca 2004), which allows to make efficient analysis in a shorter 
time span. This is important as there are thousands of data points. However, there 
will be a statistical analysis with individual products, when trying to identify which 
products are more accurate than others.  
 
For this, series with absolute values were used with average difference from each 
year. This was done due percentage difference was effected in many cases with small 
quantity changes, which had major effect on average percentages. Using absolute 
values, change of 2 to 0.2 wouldn’t make a noticeable difference, whereas in percent-
age difference it would show as 100% drop. In order for countries to be considered 
into a group three or more out of potential, five main product flows had to match the 
definitions of group in question. Four main groups, the definitions for groups and 
which countries are divided in those groups are presented in table 9.  
 
Table 9. Sorting countries into groups based on results of production reliability.   
 Group 1:  Group 2:  Group 3:  Group 4:  
Characteristics All three series 
are similar. Esti-
mates and re-
peated data show 
only minor differ-
ences.  
Estimate is 
clearly the best 
series and overall 
really close to the 
actual value and 
overall the best 
out of all data.  
Series don’t fit in 
either previous 
groups. There are 
clear patterns vis-
ible with usually 
a spike during a 
financial crisis 
and a drop year 
or two after. 
None of the se-
ries are clearly 
better than oth-
ers.  
A mix of two or 
three previous 
groups. One or 
two product 
flows might sug-
gest a group, but 
other product 
flows are not 
clearly in that 
group. On aver-
age hard to say 
which prediction 
is the most accu-
rate.  
Countries Croatia, Cyprus, 
Czech Republic, 
Latvia, the Neth-
erlands, Poland,  
Turkey 
Austria, Finland, 
Lithuania, Nor-
way, Sweden, the 
United Kingdom 
Canada, Estonia, 
France, Italy, 
Serbia, Spain, 
Switzerland, the 
United States 
Ireland, Roma-
nia, Russian Fed-
eration, Slovakia, 
Slovenia, Spain 
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Out of 27 countries, 21 were placed into first three groups. The remaining six coun-
tries were left to the fourth group. These countries included Ireland, Romania, the 
Russian Federation, Slovakia, Slovenia and Spain. Some countries indicated with 
one or two product flows, that they could have been placed into one of the other 
three group. However, requirement of three or more was not met and therefore they 
were placed into fourth group.  
 
One objective of this research was to find out if there are similarities between coun-
tries in same group. In order to find out, selected countries from each country would 
be interviewed. Interviewing people from each country who produce the forecast is 
made with e-mail. Another option was interviewing face-to-face via Skype but tradi-
tional face-to-face was not an option since travelling to each country is rather expen-
sive and time consuming. Using e-mail was chosen over other options, because it 
provides each person to have enough time for answering and possibly consulting 
more people from their team. Since these forecasts have been made over 15 years, it 
is likely that more than one person from each country has been part of making pre-
dictions. Questionnaires that were sent for selected representatives of selected mem-
ber States consist of 6 main questions. These questions are designed to find out if 
there are any specific mechanics or tools that are used, as well as when estimates and 
forecasts are produced, who they are made for and who are involved in this process. 
The following questions were asked:  
• What tools or methods do you use for producing the predictions? 
• Who is involved in generating the predictions? 
• Timing of forecasting: 
o When do you usually produce predictions for the rest of the on-going 
year? 
o When do you produce predictions for the following year? 
• Who are the primary users of predictions you produce? 
• Do you have any specific goals in your mind when you produce the predic-
tions? 
• Any other comments? 
Two of the selected countries were unavailable: United States and Latvia. Responsi-
ble person from the United States had retired and was therefore not available. Earlier 
contact from Latvia had left this position and new person was not yet appointed. In 
addition, responsible persons from Sweden and Switzerland didn’t answer in given 
time. To have more answers, this questionnaire was also sent to Norway and Czech 
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Republic, who didn’t answer and to France and Serbia, who did answer. In total, 
there are 7 countries who sent answers: Austria, Estonia, Finland, France, Nether-
lands, Poland and Serbia. So, answers from these countries are included and analysis 
is formed to see if there are anything in common or clear patterns between countries.  
3.7 Evaluating different data quality dimensions  
 
A survey was made in March 2019 in a meeting of the ECE/FAO Team of Specialist 
on Forest Products Statistics held in Geneva (UNECE 2019b), where representatives 
of member States, as well other people working closely with this data, were asked to 
evaluate different dimensions of data quality. The objective of this survey was to find 
out which of the dimensions selected earlier was the most important when producing 
forest product predictions. Each person was presented with qualities and the defini-
tions of these qualities are as defined by Wang and Strong (1996). Then they were 
asked to rank qualities from 1 to 9, ranking the most important as 1. Each person had 
also a possibility to comment on all the elements affecting data quality. These quali-
ties were presented earlier in table 2.  
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4. RESULTS 
 
Before the financial crisis there was a long period of growth in the global economy. 
According to World Bark, in 2006, the economy growth of the whole world was 
4.29% on average (World Bank 2019a).  At first, the financial crisis of 2007-2009 
had a clear impact on estimates and forecasts. Before financial crisis, all predictions 
are usually smaller than the actual outcome and after 2007 forecasted data are signif-
icantly larger than actual outcomes. This is logical since the financial crisis came as a 
surprise for many companies and countries. The World Bank has tracked economic 
growth since 1961 and 2009 is the only year when the average economic growth of 
the whole world was negative (World Bank 2019a). Of course, some countries in 
UNECE region were affected with negative economic growth for more than one 
year. At most cases forecasts are similar to estimates and repeated data, but one year 
behind. Overestimating of forecasts appear in the graphics as positive values, since it 
is bigger than the actual outcome. This is presented in the Figure 3 below.  
 
Figure 3. Explanation of over- and underestimation in results.  
 
The economy continued to grow after the financial crisis, although growth was 
slower in some countries. For example, in 2012, in addition to 2009, the growth in 
the European Union was negative (World Bank 2019b). 
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Financial crisis had an even bigger effect on a country’s major importers and export-
ers of forest products. For example, differences from actual outcomes of the export 
and production estimates of Finland and Sweden were clearly higher than European 
average difference (% outcome). This is due to not being able to see the financial cri-
sis before it happened. These countries were also hit fairly hard with the change that 
people had with forest products. Paper was used less than ever as habits of people 
transformed from traditional paper to electronic services. In 2007 the apparent con-
sumption of paper and paperboard in UNECE region was 207,696 tonnes and it 
dropped by 14.5% in two years to just 177,526 tonnes in 2009 (UNECE 2010).  
 
4.1 Grouping of countries by prediction quality 
 
Each member State was grouped into one of four different groups outlined earlier in 
table 9. This was done with visual analysis based on how different product flows 
looked like. The characteristics of the first group were distinctive. All three charts, 
estimate, forecast and repeated usually stayed really close together. In some cases, 
forecast might make same “moves” one year behind the other two. It is hard to say 
which chart is the best since they usually stay so close together. Figure 4 is an exam-
ple graph of Poland with all products and product flows between 2002 and 2017. 
Group 1 consist of 7 countries: Poland, Latvia, Croatia, Netherlands, Cyprus, Czech 
Republic and Turkey. Out of these countries, the only ones with any problems is Cy-
prus and Turkey. Cyprus is a really small country, with minimal volumes in forest 
products. Out of five product flows, only all the products and imports had meaning-
ful volumes. Therefore, the Cyprus was placed with only 40% match from product 
flows. Turkey have some problems that are unique for Turkey alone: series seem to 
be underestimated for most parts, but different charts seem to stay together.  
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Figure 4. An example of group 1: All of Poland’s products and product flows from 
2002 to 2017.  
Note: Figure presents absolute values of all products and therefore no unit can be 
used (see Table 4).  
 
Countries in the second group have one surprising feature of near perfect estimates. 
Forecast and repeated might not be so close to the actual outcomes but every year the 
estimates are nearly perfect. Finland’s products and product flows between 2002 and 
2017 is an example of this, as seen in Figure 5. Group 2 consists only 6 countries: 
Finland, Sweden, Norway, Austria, United Kingdom and Lithuania. While United 
Kingdom and Lithuania weren’t perfect match, but still clearly fit into this group. In 
this group estimate was clearly the best out of any forecast data and something that 
all countries should aim for. 
 
Figure 5: An example of group 2: All of Finland’s products and product flows from 
2002 to 2017.  
Note: Figure presents absolute values of all products and therefore no unit can be 
used (see Table 4).  
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Group 3 was the biggest group and consists of 8 countries: France, Estonia, Italy, 
Spain, Switzerland, United States, Serbia and Canada. In this group the figures look 
as you would expect, with clear difficulties between 2008 and 2011. There is clearly 
a spike around 2008, which suggest that forecasts overestimated the volumes. 
Around 2010 there is a clear drop, which suggest that volumes were underestimated. 
With most countries, there is not big changes after the year 2012 and all three prod-
uct flows are usually pretty good from there on. In this group, estimates are usually 
the best but not good enough to fit into group 2, where estimates are nearly perfect.  
 
 
Figure 6: An example of group 3: All of Switzerland’s products and product flows 
from 2002 to 2017. 
Note: Figure presents absolute values of all products and therefore no unit can be 
used (see Table 4).  
 
After sorting countries into groups, three countries from each group were contacted 
and asked how they produce forecast information. The selection of countries was 
done with an aim to pick those that would match the definition of group as well as 
possible and pick countries with different product volumes. In the end, answers from 
Finland, France, Poland, Austria, Netherlands, Estonia and Serbia were received and 
analysed.  
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4.2 Analysing the answers 
For easier comparison, each answer was cut down to 5 sections: category of country 
(big, medium or small), methods and tools used, number of people involved in the 
process, primary users of these forecasts and any specific goals, as well as other 
comments. Three big countries were part of this questionnaires: Finland, France and 
Poland, two medium countries: Austria and Netherlands. and two small countries: 
Estonia and Serbia. This was planned so that a more even view of all member States 
could be achieved.  
As for methods and models, there are some elements that are common in all member 
States but there are also differences. Most of the member States use outside experts 
for knowledge, which then should help when making better estimates and forecasts. 
Outside experts include trade associations, economists and other professionals who 
work in the forest product industry. In some cases, these numbers are compared to 
previous year’s numbers and this should provide a benchmark. When these predic-
tions are made, usually around August or September, preliminary data from quarter 1 
and quarter 2 are available and used to make better estimates. Answer from France 
specified a formula, where data from Q1-2 is compared with a previous year’s data 
of Q1-2. Formula behind was, that previous year’s Q1-2 value was divided by the 
whole year’s data and this percentage value was used to multiply this year’s Q1-2 
value to match whole year’s data. Finland has published a presentation where they go 
through the methods of making predictions for forest products (Natural Resources 
Institute Finland 2019). Their starting point is that estimates and forecasts are de-
mand-driven: demand creates exports, which promotes production, that will affect 
domestic roundwood markets and roundwood imports, which should rise the stump-
age prices. In the end the demand will create also employment and profitability for 
all parties involved. This is essential when producing predictions, as demand will 
have an effect on all parties, products and product flows involved. Answer from Po-
land also specified that create a regression analysis with the statistical data collected.   
The number of people involved in the process is fairly similar for all countries. Usu-
ally there are one or two persons who are producing the predictions but they receive 
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help from outside experts or from other colleagues from the same organization. Fin-
land was the only country, where more than 2 roles were specified, as there were in 
total 5 people involved in the process. In some cases, national statistical office or 
some other unit of the ministry is helping with the analysis. France was the only 
country, where predictions are produced only for UNECE, as they want to improve 
before producing them for French administration. In other countries, predictions are 
produced also for other shareholders. For example, the Ministry of Environment and 
national market outlooks use these predictions.  
Other comments that came up in the answers were that collecting the knowledge 
from outside experts offers a good possibility to stay in touch with them and having a 
good feel what is going on in the national markets. Answer from Estonia mentioned 
that they usually do rather conservative predictions, whereas in Serbia they want to 
produce as reliable predictions as possible. In Poland they wanted to highlight, that 
they rely on statistical data and the experience of experts to produce as trustworthy 
predictions as possible.  
In the end, most of the countries use similar methods to produce estimates and pre-
dictions. While there are some models and formulas, in most cases predictions are 
produced fairly freely. Outside experts from the industry are consulted a lot, which is 
essential when gathering information. In addition to outside experts, Q1-2 numbers 
of production, removals and trade are available when producing estimates and fore-
casts, which provides an important help. There doesn’t seem to be any pattern be-
tween how predictions are made and countries from same size group or categories 
based on how different product flows look like (see table 9). This isn’t all that sur-
prising, as producing predictions seem to be done with opinions of many rather than 
strict science.  
4.3 How elements of data quality affect predictions 
As explained earlier in section 3.7, people who work with forest product predictions 
were asked to evaluate nine dimensions of data quality. In total 14 people took part 
in survey, where 11 were directly involved producing forest product predictions. 5 
out of 9 elements were ranked as the most important from at least 1 person: accuracy, 
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believability, completeness, consistency and relevancy. Overall, consistency was 
ranked the most important element of data quality, followed by believability and rel-
evancy. More detailed results are presented in table 11 below.  
Table 10. Correspondent evaluation of data quality dimensions.   
Rank Dimension Average ranking 
1 Consistency 3.29 
2 Believability 4.07 
3 Relevancy 4.32 
4 Completeness 4.68 
5 Accuracy 4.89 
6 Timeliness 5.39 
7 Accessibility 6.00 
8 Interpretability 6.25 
9 Appropriate amount of data 6.43 
Consistency was ranked the most important dimension only 2 times out of possible 
14. However, the lowest ranking it got was 6 by two answers and 50% of answers 
had consistency in the top 3 dimensions. This meant, that consistency had average 
ranking of 3.29, which was clearly the best. It was followed by believability, which 
had an average ranking of 4.07. Believability was ranked inconsistently with all; 
some people ranked it the most important (4 times) and by one person the least im-
portant dimension. All in all, believability remains in the second most valued dimen-
sion in the questionnaire and it was ranked in the top 3, 50% of the time. The third 
highest ranked dimension was relevancy, with average ranking of 4.32. It was ranked 
the most important twice and in the top 3 only 5 times. Much like believability, rele-
vancy was ranked both the most and the least important dimension of data quality. 
The fourth highest ranked dimension, completeness, was ranked on average 4.68 and 
it is arguably one of the more interesting dimensions in this questionnaire. Based on 
rankings, it seems to be ranked either very close to the top or very close to the bot-
tom. It has the top 3 ranks 8 times, which is more than any other dimension, but also 
in the bottom 3 ranks 4 times. This means, that only two people ranked completeness 
in the middle. Completeness is followed by accuracy with average ranking of 4.89. 
Accuracy, the fifth highest ranked dimension, was ranked the most important twice 
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and in the top 3, 50% of the time. It has very similar situation with completeness, as 
it seems to be ranked either in the top or in the bottom, with only 1 person ranking 
accuracy in the middle. It is fair to say that these two dimensions are controversial. 
They are both either ranked near the top or near the bottom and very rarely in be-
tween. The sixth dimension, based on ranking, is timeliness, with average rank of 
5.39. It was ranked mostly in the middle, with 50% of rankings being between 4 and 
6. None of the participants of this survey ranked it the most nor least important di-
mension. The seventh dimension, accessibility, had average ranking of 6.00. It 
seemed to be one of those dimensions that some people valued close to the top and 
others rated in the least important (4 times). It was followed by the eighth dimension, 
interpretability, with an average ranking of 6.25. It was rated only once in the top 3, 
and six times in the bottom 3. The least important dimensions based on this survey 
was the ninth dimension, the appropriate amount of data, with average ranking of 
6.43. It was rated in the bottom 3 almost 65% of the time and only three times in the 
top 5. The last three dimensions, timeliness, interpretability and appropriate amount 
of data, are different to first six, as they mainly affect users of data. As this question-
naire was answered mainly by those who are producing predictions, dimensions 
more closely for users are not as highly valued.  
Range of rankings were relatively close, as the ranking of different dimensions are 
between 3.29 and 6.43. Five dimensions were ranked the most important by at least 
one person, spreading answers broadly. On the other hand, six dimensions were val-
ued the least important by at least one person, which supports previous observation. 
One reason for this might be, that some dimensions are quite similar to other dimen-
sions in this survey. There are differences between each dimension, but each partici-
pant might comprehend them differently. All in all, the answers provide good under-
standing which dimensions of data quality are valued over other qualities. And when 
producing predictions, consistency, believability and relevancy are regarded as the 
most important dimensions.  
4.4 Comparison of different products  
Now that there is an understanding in how reliable predictions between member 
States are, what about products? To have an answer to this question, the difference 
	 35	
for each country from every year and product was calculated. In order to show a per-
centage difference, all values used in the calculations are changed to absolute values. 
This was done because, as presented before, in some years the predictions have been 
overestimated and in others underestimated. If these values would not be absolute 
they would, in some cases, counter each other out. Values presented in tables of this 
chapter are all percentage differences from the actual value. This means, that the 
smaller the percentage is, the better. If the value is 9.2%, the prediction has been 
90.8% same as historical value.  
There are clearly products with different success rates, as displayed in Table 12 be-
low. Every product has a more accurate estimate than forecast, which was expected 
as estimates are done one year before forecasts. When looking overall average num-
bers, estimates are over 10% more accurate than forecasts. However, repeated data is 
better than estimates in 7 out of 12 product averages between 2002 and 2017, and on 
average 1.1% more accurate. This is unexpected based on how predictions are made, 
as learned earlier when discussing about styles of making these. Since estimates are 
usually based on last year’s data and then updated with new knowledge, they should 
be more accurate.  
Table 11. All products and estimates, forecast and repeated %-difference from actual 
outcome. 
Product description Product 
code 
Estimate Repeated Forecast 
Paper and paperboard  10 10.0% 8.6% 15.4% 
Coniferous saw logs and veneer logs 1.2.1.C 12.4% 11.5% 16.8% 
Coniferous sawn wood 5.C 12.6% 13.4% 21.3% 
Particle board (including OSB) 6.3 13.5% 14.7% 21.1% 
Fibreboard  6.4 18.4% 25.5% 37.2% 
Coniferous pulpwood 1.2.2.C 19.6% 15.3% 25.1% 
Non-Coniferous pulpwood 1.2.2.NC 22.5% 18.4% 29.8% 
Plywood 6.2 25.1% 25.4% 39.8% 
Non-Coniferous saw logs and veneer logs 1.2.1.NC 27.5% 22.0% 36.0% 
Non-Coniferous sawn wood 5.NC 28.1% 18.0% 46.9% 
Wood Pulp  7 53.4% 71.0% 70.9% 
OSB 6.3.1 56.0% 42.2% 69.1% 
 Averages 24.9% 23.8% 35.8% 
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When looking more closely at different products, a clear trend with all products is 
visible: estimates and repeated data has usually similar success rate and forecast is 
noticeably worse. Only in one product, wood pulp, is forecast better than either esti-
mate or repeated data.  
The most accurate product is paper and paperboard which had the smallest difference 
between predictions and actual value in all three sections. Estimate was on average 
10% off from actual value, while repeated was 15.4% and repeated data was clearly 
the best: only 8.6% from actual value. The second best product was coniferous saw 
logs and veneer logs, with estimate 12.4%, repeated 16.8% and repeated only 11.5% 
off from actual value. Coniferous sawn wood has nearly as good estimate as 1.2.1.C 
with 12.6%, but forecast is noticeably worse since it is down to 21.3%, while re-
peated is steady at 13.4%. From there it goes slowly downwards, but only last two 
products, wood pulp and OSB are clearly more unreliable than others. These differ-
ences are usually caused by predictions from few, which are way off. In many cases 
also paired with small quantities, where a drop of 2 metric tonnes could cause a 
200% difference.  
As discussed before, some countries with small volumes could have major percent-
age differences from the actual values and that might not be meaningful. To get 
around this problem, Table 13 below takes a look at all of the products, but this time 
only estimates. There are also percentages without 5 least accurate countries of that 
specific product and also only the most reliable 5 countries of that specific product.  
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Table 12. Estimates and average percentage difference to actual value.  
Product description Product 
code 
Average 
difference 
(%) 
Without 5 
least accurate 
countries 
Only the most 
accurate 5 
countries 
Paper and Paperboard 10 10,0 % 6.1% 2.8% 
Coniferous sawlogs and veneer logs 1.2.1.C 12,4 % 9.3% 4.2% 
Coniferous sawn wood 5.C 12,6 % 9.6% 4.4% 
Particle board (including OSB) 6.3 13,5 % 10.5% 5.9% 
Fibreboard 6.4 18,4 % 12.1% 7.3% 
Coniferous pulpwood 1.2.2.C 19,6 % 13.1% 5.0% 
Non-Coniferous Pulpwood 1.2.2.NC 22,5 % 16.3% 7.6% 
Non-Coniferous sawlogs and veneer 
logs 1.2.1.NC 27,5 % 
11.5% 6.5% 
Plywood 6.2 27,8 % 19.4% 10.5% 
Non-Coniferous sawn wood 5.NC 28,1 % 14.5% 7.1% 
Wood Pulp 7 53,4 % 22.2% 3.8% 
OSB 6.3.1 56,0 % 30.4% 8.5% 
 Average 24.9% 14.6% 6.1% 
Including results only from the 22 most accurate countries of that specific product is 
done, when viewing results without 5 countries with the least accurate prediction. 
This should provide us a better understanding of how well different products are 
comparing with each other. This means, that not necessarily same countries are al-
ways excluded, as it depends on the results. Similar method is used, when only the 
most accurate countries are presented. Here can be seen, that when 5 least accurate 
countries are not included, it evens out all products. Average percentage is down 
from 24.9% to 14.6% when not including 5 least accurate countries of that specific 
product. While this could be misleading, when taking away results from 5 countries 
out of total 27, it also provides a better view of how different products are actually 
doing. Obviously all products have better percentage difference to actual values than 
before, but it especially makes products with worst estimates look better. The differ-
ence with OSB has increased more than 25%, from 56.0% to 30.4% and wood pulp 
has even better increase of quality with percentage difference down from 53.4% to 
22.2%. Another noticeable improvement is non-coniferous saw logs and veneer logs, 
where the percentage difference has improved from 27.5% to 11.5%.  
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While the order of products does not change significantly when ignoring bottom 5 
countries, it does when only looking at the numbers from the 5 countries with most 
accurate results. Paper and paperboard are yet again the most reliable product, but af-
ter that comes wood pulp, which has been near to bottom previously. This comes 
down to having the biggest producers and exporters of pulp in that top 5, which leads 
to having steady estimates in nearly every year and therefore only 3.8% difference 
from year to year. Another interesting product is plywood, where top 5 percentage is 
10.5%, making it the least accurate of all products. When looking more closely, it 
seems that all countries are really close together, meaning that there are no outstand-
ing estimates, neither in good or bad.   
Table 13. Forecasts and average percentage difference to actual value. 
Product description Product 
code 
Average 
difference 
(%) 
Without 5 
least accurate 
countries 
Only the most 
accurate 5 
countries 
Paper and Paperboard 10 15.4% 9.7% 5.3% 
Coniferous sawlogs and veneer logs 1.2.1.C 16.8% 13.8% 8.7% 
Particle board (including OSB) 6.3 21.1% 16.3% 9.5% 
Coniferous sawn wood 5.C 21.3% 16.5% 9.7% 
Coniferous pulpwood 1.2.2.C 25.1% 17.9% 7.2% 
Non-Coniferous Pulpwood 1.2.2.NC 29.8% 20.9% 10.2% 
Non-Coniferous sawlogs and veneer 
logs 1.2.1.NC 
36.0% 17.7% 8.0% 
Fibreboard 6.4 37.2% 17.2% 10.9% 
Plywood 6.2 39.8% 19.4% 11.2% 
Non-Coniferous sawn wood 5.NC 46.9% 24.5% 11.6% 
OSB 6.3.1 69.1% 41.9% 12.6% 
Wood Pulp 7 70.9% 30.9% 7.0% 
 Average 35.8% 20.6% 9.3% 
 
In table 14, similar values have been calculated for forecasts. Average percentage 
difference of all products and countries is 35.8%, but without 5 least accurate coun-
tries in each specific product the percentage difference is down to 20.6%. When 
looking values without 5 least accurate countries, the order of products seems to stay 
pretty similar. All products have better success rate as before, but more importantly 
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the percentage values are more reasonable. For example, fibreboard is on average 
37.2% off from actual value, but without 5 least accurate countries it is only 17.2% 
off. While 17.2% is far from perfect, it’s starting to be more reasonable error rate for 
forecasts. This is the case with almost every product and only two products, OSB and 
wood pulp are above 25% difference on average.  
When looking at the most accurate 5 countries only, it is similar to estimates. The 
percentage difference without 5 least accurate countries was 20.6% and it is down to 
just 9.3% with 5 most accurate countries. The order of products changes more with 
when there are only the 5 most accurate countries, comparing to having results with-
out 5 least accurate countries. Yet again, paper and paperboard is the most accurate 
with 5.3% difference and wood pulp is again the second most accurate with 7.0%. 
However, the percentage differences are close together with all products, ranging 
from 5.3% to 12.6%.  
Table 14. Repeated and average percentage difference to actual value. 
Product description Product code Average 
difference 
(%) 
Without 5 
least accurate 
countries 
Only the most 
accurate 5 
countries 
Paper and Paperboard 10 8.6% 5.6% 3.5% 
Coniferous sawlogs and veneer 
logs 1.2.1.C 
11.5% 9.5% 5.8% 
Coniferous sawn wood 5.C 13.4% 9.8% 5.5% 
Particle board (including OSB) 6.3 14.7% 11.4% 6.7% 
Coniferous pulpwood 1.2.2.C 15.3% 11.4% 5.7% 
Non-Coniferous sawn wood 5.NC 18.0% 12.8% 7.6% 
Non-Coniferous Pulpwood 1.2.2.NC 18.4% 12.6% 5.5% 
Non-Coniferous sawlogs and ve-
neer logs 1.2.1.NC 
22.0% 10.9% 5.3% 
Plywood 6.2 25.4% 14.8% 8.4% 
Fibreboard 6.4 25.5% 10.5% 6.8% 
OSB 6.3.1 42.2% 25.2% 9.1% 
Wood Pulp 7 71.0% 19.8% 4.4% 
 Average 23.8% 12.9% 6.2% 
Table 15 above presents same calculations done for repeated data as for estimates 
and forecasts before. Average percentage of difference is down from 23.8% to 12.9% 
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when not including 5 least accurate countries. This is, once again, a massive im-
provement when evaluating the success of repeating old data. One of the most note-
worthy product is wood pulp, with a massive improvement from 71.0% to 19.8%. 
However, this doesn’t change the order of products significantly, as all the remaining 
products have clearly better rate of success without the bottom countries.  
When looking about success rates with top 5 countries of each product, can some-
thing interesting be seen. While all products are relatively close together, ranging 
only from 3.5% to 9.1% and therefore having an average of 6.2%, meaning that for 
the first time, estimates are better than repeated data. Although estimates are only 
slightly better, 6.1% to 6.2% of repeated, it is worthwhile to point out that this is the 
only time this has happened when comparing the averages of all products. As stated 
previously, beating repeated data is the benchmark for all the predictions of data and 
this is why it is so crucial.  
As this study has proved, paper and paperboard are clearly the most accurate prod-
ucts. It has the smallest percentage of error of all products and in all three categories 
of predictions. When looking at estimates, 25 out of 27 countries had less than 20% 
difference between actual values and estimates, while 19 out of 27 had less than 10% 
average difference. And in forecasts 23 countries of out possible 27 with less than 
20% difference, while in repeated 26 of 27 manages to reach that. So, almost all 
countries manage to get all predictions really close to actual values and there aren’t 
any countries, where any prediction would be way off. But why is that? There are 
multiple reasons for this, but it comes down to product discussed here: paper and pa-
perboard. It is an important product with big volumes. It’s not as sensitive to changes 
with quick schedule as other products might be, since production is usually planned 
far ahead and new capacity requires planning.  
One of the biggest factors is volume, since products with smaller volumes are more 
vulnerable to changes. This does not only affect paper and paperboard, but also other 
products. As presented earlier in Table 4, different products have a variety of vol-
umes, many products with big volumes are close to the top in this comparison as 
well. There is, however, one product that doesn’t seem support this theory: wood 
pulp. Volumes of wood pulp are fairly large, but for some reason it doesn’t seem to 
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translate into ability to make accurate predictions. However, when taking a closer 
look at countries for that specific product, it does seem that countries with massive 
volumes of production, exports or imports are close to the top with good average per-
centages. Unlike paper and paperboard, the quality of predictions is dropping quite 
rapidly after top 10 countries. This would ultimately support the theory that bigger 
volumes should mean better estimates and forecasts, as well as reliable repeated data.  
4.5 Comparison of different countries 
Below in Table 16 can be seen each of the 27 countries with percentage differences 
for each three prediction groups. In previous chapter showed that out of 12 products, 
repeated data was more accurate 7 times. The trend is similar with individual coun-
tries as well, which is expected as same data set is used for this chapter as with prod-
ucts. In fact, out of 27 countries estimate is the most accurate in 11 times and re-
peated data is better in 16 times. Yet again, forecasts are never the best prediction out 
of three, but in few cases the forecast is better than either estimate or repeated.  
Table 15. Countries and percentage difference for each product flow compared to 
actual value.  (Continues to following page.) 
Member State estimate repeated forecast 
Austria 6.3 % 7.2% 9.3% 
Poland 7.8% 7.7% 11.4% 
France 9.5% 7.1% 18.3% 
Germany 9.8% 9.2% 11.9% 
United States 9.9% 7.4% 13.9% 
Canada 13.3% 7.2% 15.6% 
Italy 14.0% 15.6% 22.5% 
Lithuania 14.0% 16.1% 21.8% 
Spain 14.8% 18.1% 32.9% 
United Kingdom 15.4% 16.8% 30.9% 
Netherlands 17.4% 14.6% 21.1% 
Turkey 18.0% 14.7% 22.6% 
Finland 19.4% 16.9% 21.8% 
Czech Republic 21.1% 10.5% 26.4% 
Estonia 22.2% 23.9% 39.9% 
Latvia 22.5% 36.0% 38.2% 
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Sweden 25.4% 12.9% 22.4% 
Switzerland 28.2% 26.1% 33.4% 
Serbia 29.0% 29.3% 42.5% 
Russian Federation 29.9% 14.1% 33.6% 
Croatia 31.4% 34.0% 38.3% 
Romania 36.5% 34.5% 50.8% 
Cyprus 42.2 % 56.6% 89.9% 
Slovakia 44.6% 39.2% 77.9% 
Norway 45.8% 34.9% 65.7% 
Slovenia 48.3% 87.4% 77.3% 
Ireland 83.3% 50.0% 88.2% 
There is one country that does not support the theory that having big volumes makes 
more accurate predictions: the Russian Federation. There is a clear reason for this 
and it is slightly due the structure of this research. Historical data, which is used in 
this research can be revised later if new information about it is provided. This means, 
that in some cases the comparison of estimate or forecast is not made with the histor-
ical data that would be produced during that year but rather with historical data that 
is revised several years later. With the Russian Federation, all the historical data of 
removals has been revised later. Therefore, estimates and forecasts of removals 
(products 1.2.1.C, 1.2.1.NC, 1.2.2.C and 1.2.2.NC) produced doesn’t look very accu-
rate. This problem makes the average error rate look worse than it should.  
4.6 Comparison of different sections 
Now that there is an understanding how different products and countries compare 
with each other, how does different predictions compare with each other? To find out 
how well estimates, forecasts and repeated data compare, the best prediction was 
counted for each product and each country. As some countries were missing some 
products, all products do not add up to 27. Below in Table 17 are each product with 
scores for all three prediction groups. Estimates were the most accurate in 138 cases 
out of possible 321, while forecasts were the most accurate in 11. For the remaining 
172 times, repeated data were the most accurate, making it the most accurate 53.6% 
of the time.  
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Table 16. How different predictions compare with each product.  
Product description Product 
code 
Estimate Repeated Forecast 
Coniferous sawlogs and veneer logs 1.2.1.C 16 11 0 
Non-Coniferous sawlogs and veneer logs 1.2.1.NC 11 14 2 
Coniferous pulpwood 1.2.2.C 14 12 0 
Non-Coniferous Pulpwood 1.2.2.NC 6 18 1 
Coniferous sawn wood 5.C 13 14 0 
Non-Coniferous sawn wood 5.NC 9 18 0 
Plywood 6.2 7 20 0 
Particle board (including OSB) 6.3 14 9 4 
OSB 6.3.1 10 15 2 
Fibreboard 6.4 13 13 1 
Wood Pulp 7 14 12 1 
Paper and Paperboard 10 11 16 0 
 Total 138 172 11 
When taking a closer look, particle board becomes an interesting product, since 4 
times forecasts were the most accurate. As learned earlier in table 12 forecast error 
rate for particle board was only 21.1%, which wasn’t too far from the estimates and 
repeated data. This means, it is the product with the smallest number of most accu-
rate repeated data as well.  
It is good to point out, that while in plywood predictions, repeated data is better 20 
times, there isn’t such a big difference in the error rate. Looking back to Table 12 
with error rates, estimates actually have smaller percentage difference to actual value 
than repeated data. This is surprising, since error rates are impacted how well differ-
ent predictions are doing. When taking a closer look to numbers, it does seem that all 
countries have really similar error rates in estimates and repeated data. The same 
could not be said about product non-coniferous sawn wood, where repeated data are 
better 18 times out of 27. Error rates of repeated data and estimates are clearly differ-
ent. Percentage difference with estimate is 28.1% comparing to 18.0% of repeated, it 
does clearly affect also how many times repeated data is better than estimates.  
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Table 17. How different predictions compare with each country.  
 estimate repeated forecast 
Austria 8 4 0 
Canada 4 7 1 
Croatia 2 10 0 
Cyprus 4 5 1 
Czech Republic 5 7 0 
Estonia 6 6 0 
Finland 8 3 1 
France 5 7 0 
Germany 6 5 1 
Ireland 2 8 1 
Italy 6 5 1 
Latvia 9 3 0 
Lithuania 9 3 0 
Netherlands 3 8 1 
Norway 5 7 0 
Poland 5 7 0 
Romania 1 9 2 
Russian Federation 3 9 0 
Serbia 8 4 0 
Slovakia 4 8 0 
Slovenia 5 6 1 
Spain 9 3 0 
Sweden 3 9 0 
Switzerland 2 10 0 
Turkey 6 6 0 
United Kingdom 7 4 1 
United States 3 9 0 
Total 138 172 11 
In the Table 18 above are same numbers, but other way around. This table is display-
ing what is the best prediction group in each country. From 27 countries, estimates 
were the most accurate 9 times, while repeated data were more accurate 16 times. In 
two cases, both estimates and repeated had similar numbers with 6 products each. 
This is similar to percentage differences, where estimates were the most accurate in 
11 countries. However, in Romania forecasts were the most accurate two times out 
of possible 12, but more surprisingly estimates were the most accurate only with 1 
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product. The surprising part is, that in Romania both estimates and repeated data 
have very similar percentage difference from actual values but this doesn’t seem to 
have an impact here.  
Other countries with clear majorities in one prediction groups are the United States, 
Switzerland, Sweden, Russian Federation and Croatia, who have 9 or more products 
where repeated data is the most accurate. On the other hand, in Spain, Lithuania and 
Latvia estimates are the most accurate 9 times out of possible 12 products. In addi-
tion, Serbia, Finland and Austria have 8 products where estimates are the most accu-
rate.   
Lithuania, Croatia and Switzerland have similar situation with Romania, as results 
here suggest that it would be one-sided, but as seen earlier percentage results are ac-
tually very even. Both Switzerland and Croatia have 10 products, where repeated 
data are more accurate. However, in Croatia estimates are indeed on average more 
accurate than other predictions, although both repeated and estimates are close. In 
Switzerland repeated data are on average better, but only so slightly 26.1% to 28.2% 
and that makes it surprising that numbers in Table 18 are so flop-sided. In Lithuania 
the situation is similar to Switzerland: while estimates are slightly better, it comes as 
a surprise that 9 out of 12 products have more accurate estimates.  
To conclude, if repeated data was the benchmark for each country, most of them 
have failed to meet that requirement. Most of the time estimates of each country are 
at least close to repeated data, but on average can’t reach that level.  
 
4.7 Comparison of different product flows  
 
As highlighted earlier in Table 5, there are in total of four different product flows 
used: imports, exports, production and removals. Now that it is known which prod-
ucts and countries are the most accurate with their predictions, it is interesting to find 
out if there are any clear differences between different product flows. As it can be 
expected, there are clear differences between each product flow. This is section pre-
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senting all product flows with graphs and visual analysis, as well as looking at num-
bers. As mentioned before, there is one clear flaw in this approach: one big drop for 
one country could make a clear impact even when measuring totals for 27 countries.  
 
Production is the most accurate in all three prediction categories and overall there are 
not any major problems in any year. Below in Figure 7 presents average percentage 
difference from the actual values. On average estimates are 12.5% from the actual 
values, while forecasts are 19.0% and repeated data are 10.1%. As can be seen from 
the figure 7, the years between 2008 and 2011 are well above the averages. This is 
due financial crisis as discussed earlier. After 2013 the percentage error is clearly 
smaller than before and there doesn’t seem to be any movement for either way in any 
of the three prediction groups.  
 
 
Figure 7. Progression of estimates, forecasts and repeated in production between 
2002 and 2017. 
 
Removals have percentage error of 14.6% for estimates, 20.0% for forecasts and 
15.3% for repeated data, making it the second most accurate. Again, financial crisis 
has a clear impact on how accurate each prediction is. Things have turned back nor-
mal after 2011, although there seems to be a clear spike in 2013. However, this is 
caused by one country, where volume of removals dropped dramatically over 1000% 
in a year. In fact, if all the data of 2013 would be ignored, repeated data would be 
more accurate than estimates.  
 
0% 
5% 
10% 
15% 
20% 
25% 
30% 
35% 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Production
estimates forecasts repeated
	 47	
Overall removals do seem to be an accurate product flow and majority of countries 
have success on making predictions. This is presented in Figure 8 below. By 2017 all 
three predictions are less than 10% off from actual values, which is the best year. 
Reasons for good results are big volumes, where small drops don’t make big changes 
in totals and planning that goes to harvest: countries usually plan volumes of harvest 
well ahead to match production. Another important reasons for success of removals 
is that people who are responsible for harvest often share their knowledge with corre-
spondents.  
 
Figure 8. Progression of estimates, forecasts and repeated in removals between in 
2002 and 2017. 
 
The third best product flow, imports, is fairly close to removals, as shown in Figure 
9. Estimates of imports are on average 16.6% off from actual value, while forecasts 
are 24.9% and repeated data are just 13.4%. When looking at the figure, it is clear 
that financial crisis has had a big effect on the imports. Both forecasts and repeated 
data make a massive spike in 2009, but it takes just a year to adjust forecasts. As esti-
mates are produced during the year, they are not so far off. Compared to production 
and removals, it seems that quality of all three predictions of imports are similar for 
each year and especially after 2011, there is no real change. However, the quality of 
predictions never reaches the levels previous product flows have managed.  
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Figure 9. Progression of estimates, forecasts and repeated in imports between in 
2002 and 2017. 
 
Out of the four product flows, exports are the least accurate. Estimates are the most 
accurate of three predictions with 36.1% average difference from actual values, 
while forecasts are 58.6% off and repeated data 43.3%. As presented in Figure 10, in 
2007 repeated data makes bigger spike than in any other product flows and reaches 
close to 250% difference. This spike is, depending on prediction, around years 2007 
and 2008, which is one year earlier than in imports. This means that countries are de-
clining with imports only after exports are dropping. While of course some countries 
have reasonable small differences in all three predictions, majority of countries are 
not particularly accurate. Much like in imports, estimates react faster than the other 
two predictions.  
 
Figure 10. Progression of estimates, forecasts and repeated in exports between in 
2002 and 2017. 
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As was expected, there are clear differences between product flows. Production and 
removals are more accurate than imports and exports. Kandilov (2007) points out, 
that exchange rates do have an effect on trade. This means that problems with ex-
change rates would have bigger impact on exports and imports, rather than produc-
tion and removals. As discussed earlier in the methods on producing forecasts, they 
are demand-driven (Natural Resources Institute Finland 2019). So, at first, there has 
to be demand, which is fulfilled by exports and only after that there is more produc-
tion. Therefore, exports would be hit first if demand is lowered. In this chain of de-
mand-driven interest, importing raw material comes after production and this could 
have an effect on why in imports the spike is one year after exports.   
4.8 Comparison of product flows and products together  
 
This study has already proved that there are clear differences between product flows 
and products but how does this translate into one single product?  This segment will 
go through each product and compare how accuracy of predictions are affected by 
different product flows. Only 8 forest products are included in this segment, as logs 
(products 1.2.1.C, 1.2.1.NC, 1.2.2.C and 1.2.2.NC) are only measured in one product 
flow: removals. Measured product flows are exports, imports and production. Some 
products are lacking numbers from different countries, especially in production. This 
is logical, as certain products are not produced in every country. In order to have a 
better understanding about the accuracy of each product, there are also values with-
out the lowest 5 countries in that specific prediction, product and product flow. 
Chapter 4.7 outlined that production is more accurate than imports and exports, but 
are there any exceptions to this between different products?  
 
The most accurate estimate was with paper and paperboard and below in Table 19 is 
paper and paperboard with each product flow separated. This highlights an interest-
ing fact, as countries with lowest accuracy are taken away.  It seems, that with ex-
ports, there are some countries that have very high error percentage, but as it is taken 
away, exports are similar to imports. Production has the lowest error rate and there 
isn’t big change when ignoring 5 countries with the lowest accuracy. With exports 
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and imports repeated data is more accurate than estimates but estimates are more ac-
curate with production.  
 
Table 18. Paper and paperboard with each product flow separated.  
Product 10 Estimate Repeated Forecast 
Paper and 
paperboard 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all countries 
Without 5 
least accu-
rate coun-
tries 
Exports 80.9% 9.1% 19.8% 8.4% 193.7% 12.1% 
Imports 10.7% 8.9% 8.7% 7.4% 13.7% 12.0% 
Production 5.9% 4.7% 6.6% 5.4% 9.3% 7.5% 
All three product flows are in similar structure in estimates, forecasts and repeated 
data are very close for coniferous sawn wood (Table 20). In each production flow, 
production is over 50% smaller than imports or exports. Estimates and repeated are 
also similar to each other, but forecasts are noticeable worse. Compared to paper and 
paperboard, there are no big massive drops in accuracy when five countries with 
lowest accuracy are dropped off, but still noticeable drop.  
 
Table 19. Coniferous sawn wood with each product flow separated.  
Product 
5.C 
Estimate Repeated Forecast 
Coniferous 
sawn wood 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Exports 19.4% 13.8% 22.6% 13.1% 31.0% 20.0% 
Imports 20.1% 13.1% 20.1% 14.0% 28.6% 20.9% 
Production 9.5% 6.9% 9.4% 7.6% 14.0% 10.8% 
 
Separated product flows in particle board are relatively similar to the previous table 
with coniferous sawn wood. Error rates of particle board are presented in Table 21 
beneath. Both have better than average error rates and ignoring five countries with 
lowest accuracy does not improve the error rate all that much. What is interesting is 
that estimates are clearly more accurate than repeated data in all three product flows.  
 
Table 20. Particle board (including OSB) with each product flow separated.  
Product 6.3 Estimate Repeated Forecast 
Particle 
board (incl. 
OSB) 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Exports 18.5% 14.3% 23.7% 16.3% 31.6% 22.3% 
Imports 18.5% 14.2% 17.8% 14.5% 26.0% 21.4% 
Production 10.9% 8.8% 23.7% 16.3% 18.5% 14.9% 
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Exports on fibreboard seems to be a difficult product to predict, as presented below 
in Table 22. In all three sections, error rates on exports are high. This error rate is 
fixed when five countries with the lowest accuracy are ignored but remain clearly 
higher than in products presented above. Repeated data is better than other predic-
tions, both with and without ignoring five countries with lowest accuracy.  
 
Table 21. Fibreboard with each product flow separated.  
Product 6.4 Estimate Repeated Forecast 
Fibreboard Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Exports 41.4% 18.0% 52.8% 15.3% 88.6% 24.4% 
Imports 18.3% 15.7% 16.0% 13.9% 25.3% 20.8% 
Production 16.0% 12.8% 14.3% 11.9% 22.0% 18.1% 
 
Plywood is similar product to fibreboard and this also shows in the results. Below 
Table 23 display results on how accurate predictions on plywood are doing, with 
product flows separated. The important thing to realize is, that there are at least 5 
countries, that don’t produce plywood and therefore ignoring five countries with 
lowest accuracy doesn’t prove the error rate. This could also be the reason why pro-
duction seems to be hardest to predict, when comparing averages to imports.  
 
 
 
Table 22. Plywood with each product flow separated.  
Product 6.2 Estimate Repeated Forecast 
Plywood Average 
of all 
countries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Exports 101.7% 20.2% 31.5% 18.6% 86.1% 27.2% 
Imports 21.4% 15.8% 20.7% 16.7% 31.8% 25.4% 
Production 24.2% 24.2% 39.8% 18.8% 75.0% 75.0% 
 
All product flows for non-coniferous sawn wood seems to be hard to predict, as is 
demonstrated in Table 24. Estimates and repeated data have similar error rates and 
forecasts are quite close at production. It has clearly lower accuracy than coniferous 
sawn wood, although it is uncertain why. Ignoring five countries with lowest accu-
racy does improve the results significantly but at this point, it is unclear if volume is 
the only reason for above average error rate. 
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Table 23. Non-coniferous sawn wood with each product flow separated. 
Product 5.C Estimate Repeated Forecast 
Non-conif-
erous sawn 
wood 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Exports 53.0% 16.9% 86.2% 30.2% 25.7% 18.5% 
Imports 24.9% 18.2% 37.0% 28.6% 23.3% 18.6% 
Production 23.3% 11.4% 37.7% 16.6% 20.5% 10.2% 
 
Next, there is wood pulp. Table 25 below shows that wood pulp has the lowest accu-
racy in exports in all three categories. Average error rates are by far the worst and 
even when five countries with lowest accuracy are ignored, the situation doesn’t turn 
into anything particularly great. Production is the most accurate product flow out of 
three, while still worse than average, it is not that bad. Estimates and repeated data 
are fairly close to each other.  
 
Table 24. Wood pulp with each product flow separated.  
Product 7 Estimate Repeated Forecast 
Wood pulp Average of 
all coun-
tries 
W Without 
5 least ac-
curate 
countries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Exports 170.7% 59.3% 202.8% 40.8% 277.3% 52.1% 
Imports 42.5% 14.7% 30.1% 12.8% 65.7% 20.2% 
Production 18.1% 14.0% 17.0% 14.0% 26.7% 19.1% 
 
The last individual product observed more closely is OSB, results are below in Table 
26. Part from exports in wood pulp, OSB is the product with lowest accuracy. Ex-
ports are the product flow with lowest accuracy and imports are in middle of exports 
and production, which matches all the products. OSB has the same situation as ply-
wood above, where OSB is not produced in every UNECE member state and there-
fore, ignoring five countries doesn’t improve the production numbers.  
 
Table 25. OSB with each product flow separated.  
Product 
6.3.1 
Estimate Repeated Forecast 
OSB Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all coun-
tries 
Without 5 
least accu-
rate coun-
tries 
Average of 
all countries 
Without 5 
least accu-
rate coun-
tries 
Exports 102.4% 52.1% 79.1% 42.7% 104.7% 69.8% 
Imports 59.2% 23.5% 31.9% 22.4% 73.0% 31.7% 
Production 17.9% 17.9% 21.3% 21.3% 24.4% 24.4% 
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Overall, separating all the product flows did not make a big difference. As already 
discovered, production is more accurate product flow compared to exports or imports 
and this was proven in the tables above. Paper and paperboard are the most accurate 
product, apart from exports. Even the exports part is arguable, as ignoring five coun-
tries with lowest accuracy makes paper and paperboard the most accurate product. 
Even without ignoring five countries, average error rate of 5.9% for estimates on 
production across all the UNECE member States is really impressive. Production 
numbers for coniferous sawn wood was the only product to come even close to that.  
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5. DISCUSSION AND CONCLUSION  
 
Representatives of countries were asked which dimensions out of the most used in 
data quality literature. Three most important dimensions based on the answers were 
consistency, believability and relevancy. These dimensions were followed by com-
pleteness, accuracy and timeliness. Rankings between believability and accuracy 
were relatively close. The least important dimensions were accessibility, interpreta-
bility and appropriate amount of data. Overall, five out of nine dimensions were 
ranked the most important by at least one answer. These results mean that people 
who work with forest product predictions value consistent data, that is believable, 
completed and relevant. 
 
 
It does seem, that volumes of forest product in member state does matter when pro-
ducing predictions. Member states with bigger volumes were, on average, better than 
member States with smaller volumes. As discussed earlier, there are exceptions to 
this theory, but overall there is strong indication for this. When looking 15 most ac-
curate countries based on estimates, 12 of them are also in the list of 15 biggest 
countries based on average product volume. It comes down to numbers, where vol-
ume makes changes smaller: drop of 2 from 200 to 198 is meaningless, just 1%. If 
the drop of 2 is from 2.5, it is down by 80%. Therefore, bigger volume provides pos-
sibility to have small changes and it won’t show as clearly as in countries with 
smaller volumes.  
 
There doesn’t seem to be any differences in which category of forecast country 
would go based on the size of the country. All four categories were evenly filled with 
countries from different categories. There were member States from all three catego-
ries, sorted by size of product flows, in each group. These groups were based on how 
different results of member States looked like. Size of country didn’t have noticeable 
difference on how forecasts are produced and all countries that took part in the inter-
views used similar methods and tools when producing forecasts. These methods in-
cluded consulting experts across the industry for information about trends in the mar-
ket and potential investments. As expected, preliminary data from Q1 and Q2 is used 
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when creating predictions, since they are available when predictions are produced 
during September.   
 
As for future forest product predictions, there are no easy ways to guarantee com-
plete accurate predictions. As just presented, many countries use similar methods 
when producing predictions. Using data available, discussing experts around the in-
dustry and using experience from previous years allows predictions to be as close to 
the reality as possible. Going back and checking how well the previous year has 
turned out gives a good perspective if those predictions were as accurate as hoped. 
Each UNECE member state has their own specialties as forest industry produces, ex-
ports and imports different volumes in each country and this should be taken into 
consideration when reading the results. Data quality of UNECE member States 
should improve and I believe they are in a good position to do so, due to the close 
co-operation, exchange of information and guidance provided by member States.  
 
In this research, four different product flows were measured and analysed: produc-
tion, imports, exports and removals. Out of those product flows production has the 
highest accuracy, which could be traced back to predictability and planning that goes 
into production. Removals had the second highest accuracy, which indicates that in 
order of having production going as planned, removals of wood are also planned 
ahead. This planning becomes more difficult after production is done, as the accu-
racy of imports indicates. Exports are even less accurate than imports and both are 
vulnerable to outside effects. This could be seen during financial crisis, where accu-
racy of exports and imports were less than ideal.  
 
Out of the 12 products analysed, paper and paperboard have the highest accuracy. 
All three predictions in production are great and really good in imports, only slightest 
drop in accuracy is in exports. Paper and paperboard are followed by coniferous saw 
logs and veneer logs, as well as coniferous sawn wood. All three products have high 
volumes and have very few countries with low accuracy predictions. Two products 
with the lowest accuracy were wood pulp and OSB, both with around 50% error rate 
on average. It came down to all countries struggling to at least some length and some 
having really low accuracy.  
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6. LIMITATIONS  
 
Comparison between different countries and division into groups was done with vis-
ual analysis. There is a clear possibility of human error with this approach, as some-
thing important could be overlooked or go unnoticed. Visual analysis was chosen 
due to the large number of data. With visual analysis, it was possible to go through 
many graphs in a reasonable amount of time. Number behind of graphs had already 
been valued during the mathematical part of analysis and they were estimated to be 
correct. Using visual analysis will provide a possibility for new research, where dif-
ferent approaches can be used.  
 
Time series analysis is another approach, which could provide new information 
about data used in this research. Due lack of time and prior knowledge of the time 
series analysis, it was not used in this research. It would, however, had provided 
more information about changes happening year-on-year basis. It would be highly 
recommended method for future research on the same subject,  
 
A significant problem with this research is with the data. Historical data used in this 
research had been updated later, as new information about it was known. This means 
that comparing predictions to data that have been updated five years afterwards, 
makes them look worse than they would have been during the time when they would 
have been used. The bigger problem comes with repeated data and the fact that it was 
created using data that have been updated afterwards. In this analysis the repeated 
data looks more accurate than it would, if un-updated data would have been used and 
it creates unfair comparison to other predictions. If this research is re-done, un-re-
vised historical data (i.e. the data that were available at the time of the questionnaire) 
should be used to create repeated data. It might also be interesting to compare a fore-
cast (two years ahead) with data repeated for two years ahead. 
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